A variety of carbohydrate complexes (e.g., glycolipids, glycoproteins, and polysaccharides) are found in the mycoplasmas, but they comprise only a minor fraction of the total membrane components (20, 26) . This fact has made the study of these complexes difficult and, in fact, only a few of them have been characterized (8, 9, 19, 27) . Nevertheless, even the scanty information available points to the importance of the carbohydrate residues of these complexes. Thus, glycolipids were reported to be involved in the immunogeneity of Mycoplasma pneumoniae cells (3, 5, 19, 21) , and Goel and Lemcke (9) purified from M. gallisepticum a glycoprotein that is involved in hemagglutination caused by this organism. Only further investigation can reveal how many of the other mycoplasmas that absorb to erythrocytes and other cells (10, 20) do involve a similar glycoprotein. Both these glycolipids and the glycoprotein had carbohydrate residues exposed on the outer surface of the membrane. In view of the possible importance ofthe exposed carbohydrate residues, it seemed of great interest to test how common this phenomenon is in mycoplasmas. Because of the small amounts of carbohydrates in mycoplasma membranes, we decided to use indirect means ofdeternining their presence and location. Plant lectins with known sugar specificity to detect exposed carbohydrate residues seemed suitable for this pur- pose, especially since they have been used in similar studies on membranes of other organisms (11, 15, 16, 18) . Recently, Schiefer et al. (24) reported that agglutination was induced by lectins in several mycoplasmas. However, it is well established that the binding of lectins to cells via their carbohydrate residues does not necessarily result in agglutination (18) . Therefore, binding of concanavalin A (ConA), Ricinus communis agglutinin (RCA), wheat germ agglutinin (WGA), and lima bean agglutinin (LBA), which are specific for carbohydrates commonly found in mycoplasmas, was studied. The experiments were aimed at answering two main questions. (i) Do mycoplasmas have carbohydrates exposed on the surface of the membrane? (ii) Are these carbohydrates exposed on both surfaces of the membranes, or is there ments of L-arginine or glucose (20, 22) . The cultures were incubated aerobically at 37°C for 18 to 48 h, and the cells were harvested at optimal turbidity but before extreme changes in pH had occurred.
Cells and membrane preparations. The cells were harvested by centrifugation (10,000 x g for 20 min at 400) and under the same conditions were washed three times in 0.05 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride (pH 7.2) containing 0.2 M NaCl. Membranes were derived from the organisms by osmotic shock and were washed as described previously (14) . M. pneumoniae and M. gallisepticum cells were loaded with 2 M glycerol prior to osmotic shock (14) .
Proteolytic digestion of the membranes. Samples (0.2 ml) of membrane suspension (2 mg of protein per ml) in 0.05 M Tris-hydrochloride (pH 8 Plant lectins and their iodination. The plant lectins were purified by affinity chromatography, utilizing techniques described earlier for the isolation of WGA (13) , LBA (7), RCA (30) , and ConA (1). All lectins were analyzed for purity and sugar specificity. They were labeled with 1251 by the chloramine T reaction (29) and repurified by the affinity chromatography systems mentioned above.
Binding of lectins to membranes or cells. Mycoplasma membrane suspensions (400 ug of protein in 0.2 ml of 0.05 M Tris-hydrochloride, pH 7.2) were incubated at 37°C for 5 min. '25I-labeled lectin (20 ,ug of protein in 0.2 ml of the same buffer) was added, and the reaction continued for an additional 15 min, at which time it was terminated with cold buffer. The membranes were washed three times by centrifugation (15,000 x g for 15 min at 4°C), and the amount of bound lectin was determined. The specificity of the binding was estimated by displacing the membrane-bound lectin by the specific sugar. Thus, the membranes were immersed for 15 min at 37°C in 0.05 M Tris-hydrochloride buffer (pH 7.2; 2 ml) containing 0.1 M of the specific sugar (N-acetyl-D-glucosamine, D-galactose, or a-methyl-D-mannoside for WGA, RCA, and ConA, respectively). Nonspecific displacement by the sugars was estimated by the same procedure but with D-galactose, a-methyl-Dmannoside, and N-acetyl-D-glucosamine for WGA, RCA, and ConA, respectively. The binding of the lectins to cell suspensions followed the same protocol as that for membrane suspensions, except that 600 ,ug of cell protein was used and the buffer contained 0.15 M NaCl.
Analytical procedures. Protein was determined by the method of Lowry et al. (17) . Membrane lipids were extracted with chloroform-methanol (2:1, volI vol) as described previously (14) . Carbohydrates were estimated by gas-liquid chromatography, us-J. BACTERIOL. ing a 3% SE 30 column and following the procedure of Clamp (6) .
RESULTS
Binding of lectins to membranes. The varying relationship between the binding of lectins and increasing amounts of membranes ofAcholeplasma laidlawii and M. pneumoniae is presented in Fig. 1 . There was a leveling off in lectin binding when membrane quantities exceeded 1 mg of protein per ml. The binding of WGA to small amounts of M. pneumoniae membranes was an exception to these observations. LBA and WGA, lectins specific for Nacetyl-D-galactosamine and N-acetyl-n-glucosamine, respectively, bound to A. laidlawii membranes at a molar ratio of -2:1. These sugars have been identified at a molar ratio of 3:1 in the polymer comprising most ofthe hexosamine in these membranes (8) . Thus, it is suggested that inA. laidlawii LBA and WGA are primarily bound to this polymer.
The binding of lectins to other mycoplasma membranes is presented in 2). The nature of the substances containing the carbohydrates is still to be elucidated.
Binding of lectins to cells and their derived membranes. A comparison of the binding of lectins to whole mycoplasma cells and to membranes was carried out to provide some information on the possible location ofexposed binding sites. These experiments were based on the assumption that when incubated with intact cells the lectins have access only to carbohydrates on the outer surface of the membrane, whereas when incubated with isolated membranes, which are nonsealed vesicles, the lectins can approach both the outer and cytoplasmic membrane surfaces.
When binding was calculated per milligram of membrane protein, it was found that in a given species the amounts of lectin bound to cells and to membrane preparations were similar (Table 3 ). These results indicate that only the exterior membrane surface has sites that are capable of binding lectins and, therefore, probably contains the carbohydrate residues. The question as to whether the inside surface of membrane is able to bind lectins remains unanswered since we have no evidence that the lectins reached this surface. However, a study of the location of mycoplasma membrane proteins, by similar techniques, indicated that labeled compounds were able to reach inner membrane sites (2, 13).
Binding of lectins to protease-digested membranes. Some insight into the chemical properties of the binding sites was provided by protease digestion of the membranes (Table 4) . Trypsin, as expected, was a milder protease than Pronase. Both trypsin and Pronase treatment resulted in a marked increase in lectin binding in most of the tested membranes, indicating that many binding sites on the native membranes were masked by peptides. In only a few instances did proteolytic treatment lower the binding capacity, either by digestion of glycopeptides, release of polysaccharides or lipids, or changes in the orientation of nondigested components.
DISCUSSION
Carbohydrates are only minor components of mycoplasma membranes (20) and may be distributed among four groups of substances: glycolipids (26) , polysaccharides (8) , lipopolysaccharides (27, 28) , and glycoproteins (9, 13) . For studying the topology of the carbohydrate-including substances of the membrane, lectins were used and found to be sensitive tools (4, 15, 16, 18) . Recently, Schiefer et al. (24) extended such studies to mycoplasmas. His group tested crude lectin preparations for their ability to agglutinate several mycoplasmas. The preparation from Canavalia ensiformis (crude ConA), which is specific for D-mannose, 1)-glucose, and capri (25) .
On the whole, the agglutination studies indicated that the majority of mycoplasmas tested had carbohydrates exposed on the cell surface. However, this technique has one major drawback, namely, that there is no direct correlation between binding of the lectin and agglutination, since, although binding always precedes agglutination, the latter does not invariably occur even if binding takes place (18) . Thus, it seemed more valuable to estimate the binding of lectins to exposed carbohydrates. Using this approach, we showed that in all mycoplasmas studied to date a significant amount of binding sites for the tested lectins occur on the membranes (Table 1) . These sites appear to be located primarily on the exterior surface of the membrane (Table 3) .
Throughout our experiments, the binding of lectins proved to be a sensitive indicator for carbohydrates exposed on the surface of membranes. However, it must be borne in mind that there are several limitations to this approach. The problem of specific binding is illustrated by the fact that the specific carbohydrates, even at high concentrations (0.1 M), do not always detach all of the bound lectin (Table 1 ). There is also the question of nonspecific binding, as evidenced by detachment of lectin by nonspecific carbohydrates (in our experiments, this accounted for about 8% of the bound lectins). A second factor to be considered is that the bound lectins might perturb the membranes and thus cause changes in membrane architecture and properties (11) . Avoidance of this problem necessitates the use of moderate amounts of lectins, and this dictated the amount of lectin used throughout our experiments (Table 1) . A third factor is the tendency of lectins to aggregate (15) , thus complicating the calculation of the number of lectin molecules in the system. For this reason, our results are expressed as percentages of the lectin that did bind rather than as the number of lectin molecules per membrane.
Despite these limitations, lectin binding was more sensitive than the agglutination test (24) . Thus, no agglutination of M. hominis and A. laidlawii cells was reported to occur with crude ConA and RCA (24) , although the purified lectins did bind to these cell membranes (Table 1) We thank P. P. Cellini and Nyhl Ramsburg for their expert technical assistance, and S. Rottem for his comments on the manuscript.
